This paper deals with the extension of a recent study of the infrared ]fl -* 11 emission system of the YI molecule (1). Thanks to the extreme regularity of the structure, rotational analyses can be completed for the previous 3-1, 2-0, 1-0, 0-0 and 0-1 bands and extended to 11 more bands detected step by step from their synthetic spectra (owing to the extremely dense structure). A unique and consistent set of accurate rotational constants is derived for both states, up to the levels v" = 7 and r' = 4, from the reduction of 5772 line wavenumbers in the bands 3-1, 2-0, 1-0, 0-0. 0-1. 0-2, 1-3, 2-4, 2-5, 3-6 and 4-7, the r-connected bands being fitted simultaneously. The 57 estimated constants allow to reproduce the observed spectra with typical weighted rms errors between 4 and 5 mK. When using these constants to generate the bands 2-1, 1-2, 3-3, 1-4 and 3-5, ~1300 lines can be picked out whose experimental positions relatively to the predicted ones correspond to quite equivalent rms errors with nearly normal distributions of the residuals, therefore ensuring the reliability of the analysis. Molecular constants at equilibrium are derived; improvments are significant, particularly for vibration. Franck-Condon factors and r-centroTds appropriate to RKR potential curves are given. The observed bands correspond to those which are predicted to be the strongest ones in each ( '-progression.
Introduction
Electronic spectra are known for yttrium halides, YC1 with a unique ' r + -> '2"+ system and YF with seven systems involving 7 singlet states 2T+(3), /7(4) and 2 triplet states, J , <Z >. Of the low-lying ]Z + and states, the state is believed to be more probably the ground state on the basis of intensity comparisons in absorption. In a recent paper by Bernard, Roux and Verges (1) (hereafter paper I), it was dealt with the observation and study of an infrared '/7 -* '!"(+) system of 89Y127I, the first one to have been reported so far for this molecule. The 1-0, 0-0 and 0-1 bands and partially the 2-0 and 3-1 bands were analyzed up to high rotational levels (J values up to ~ 340) thus yielding very precise rota tional constants. On the other hand, the extreme density of the line structure -2 8 000 lines along the ~ 2000 cm-1 extension of the observed spectrumthe wide spread of the branches and strong overlappings, the fact that the intensity maxima in the branches occur near J = 200 whereas 7-head values (R-branches) are very low (vH-v0 < 1 cm-1) did not permit to recognize with certainty more than seven Reprint requests to Dr. A. Bernard band heads. So, vibrational constants were derived with a relatively low precision. Let us remind also of the difficulty for the very first rotational analysis; in order to establish the relative rotational number ing for the 1-0, 0-0 and 0-1 bands, a computer program was written allowing to explore the many possible combinations between branches and lines and retain the unique one which agreed between 1-0 and 0-0 bands, or between 0-0 and 0-1 bands (R (J -1) -P {J + 1) or R (J) -P {J) combinations, respectively).
Fortunately, the structure of the five bands in vestigated was revealed to be extremely regular, and no perturbations could be inferred in the v' = 0, 1, 2(f), 3(0 levels within three times the total standard deviation 0.012 cm-1). So, an extension of the analysis of the spectrum could be envisaged, anticipating the same regularity for v' = 2 (e), 3 (e) and higher-r' levels. Furthermore, the calculus of Franck-Condon (FC) factors had shown that several other bands could be detected in the range of a proper signal-to-noise ratio of our recordings.
Actually, we could fairly extend in rotation the 1-0, 0-0 and 0-1 bands and complete the 2-0 and 3-1 bands (R and P branches), while analyses for 11 more bands (namely, 0-2, 1-3, 2-4, 2-5, 3-6, 4-7, 1-2, 2-1, 1-4, 3-3 and 3-5) were carried out. Thus, more 0340-4811 / 84 / 0100-0027 $ 01.3 0/0. -Please order a reprint rather than making your own copy. accurate or new spectroscopic data up to the levels v' = 4 and v" = 7 can now be made available both in rotation and vibration, which correspond to the observation of ~ 7000 line wavenumbers between 10250 and 8850cm-1. The present paper reports upon the results of these investigations.
Experimental details can be found in Paper I. Let us mention here that the spectrum was excited in a high frequency electrodeless discharge in YI3 and recorded with the Fourier transform interferometer of Laboratoire Aime-Cotton (Orsay, France) by Dr. J. Verges.
Analysis and Data Processing
It appeared impossible to dectect with certainty series of R and P lines in bands (other than the 1-0, 0-0 and 0-1 bands), long enough for the ./-number ing to be established with the help of the computer program described in Paper I. Thanks to the ex treme regularity of the structure of bands and linearity in the vibrational dependence of the pa rameters it was possible to proceed by calculating the synthetic spectra for new bands on the basis of the constants given in Paper I or extrapolated constants (changing v' or v" by one unit only) and picking out the lines throughout the observed spec trum. The new bands were then added to the global fitting and improved constants were obtained, thus allowing to proceed further in the same manner. So, step by step, 10 bands (namely, 3-1, 2-0, 1-0, 0-0, 0-1, 0-2, 1-3, 2-4. 2-5 and 3-6) could be fitted simul taneously, yielding a consistent and homogeneous set of parameters. No other bands could be added owing to the capacity limits of the computer. Extra polation of the constants in both states permitted the analysis of the 4-7 band.
In order to check the reliability of the procedure we calculated the synthetic spectra for 5 more bands (2-1, 1-2, 3-3, 1-4 and 3-5) with large enough FC factors, all involving already known levels. About 1300 lines belonging to these bands were detected, thus confirming the validity of the analysis (see Section Ilia). On the other hand, a similar search for lines in the 4-4 and 5-8 bands was not con vincing in the sense that coincidences were too sparse to secure the identifications.
The program used for the reduction of the line wavenumbers to molecular constants has been de scribed in Paper I. Let us recall that the observed line positions in all interconnected bands are fitted simultaneously to calculated term-value differences using an iterative, non linear least-squares pro cedure thus generating a unique set of parameters. The final adjustments are operated after checking the significance of the parameters within ± 2 stan dard deviation limits (2 erp), removing line wavenumbers deviating from their calculated positions by more than three times the total standard devia tion (3er), and weighting each branch with o^2 (as being the variance for this branch obtained after a direct fitting with equal weights).
3, Results a) Rotational Constants
In Tables 1 and 2 are gathered the rotational con stants for the states '27 (r = 0 to 7) and '/7 (v = 0 to 4) respectively, which were obtained after simul taneous fitting of (i) 5356 line wavenumbers in the 3-1, 2-0, 1-0. 0-0, 0-1, 0-2, 1-3, 2-4, 2-5 and 3-6 bands (ii) 416 line wavenumbers in the 4-7 band. Several trials were made in order to check the significance of the small parameters. Thus, a term of the fourth degree in 7 (7 + 1) was found to be not significant, as were the differences Tr(e)-Tl(q and Hr(e)-H , (f) in the upper state, in spite of the observation of very high rotational levels (Ts up to ~ 410). On the other hand, the difference D0(e)-D 0(f) is found highly significant though the absolute values D0(e) and Z)0(f) do not differ within the uncertainty (the 95% confidence limits overlap each other). In the same way, the differences Br{e)-Br{f) are estimated with much more accuracy than the individual constants. This is to be attributed to the very strong correla tions which exist between these related parameters (in all cases the correlation coefficients are greater than 0.99995), so that the precisions on these dif ferences can be determined by keeping one of the constants fixed to its final value, the other one being free to vary. So, the A-type splittings in the upper '/7 (v -0 to 4) levels (i. F4(e)(7) -F4(0(7) = -0.2340(27) x 10"57 (7+ 1).
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Strong correlations also exist between H constants in the lower states and H constants in the upper states with individual values which are determined only very roughly. It appeared better in view of ob taining constants of more realistic physical meaning in the final adjustment, to keep all the H" (r = 0 to 7) parameters fixed to theoretical values, the quality of the adjustment remaining quite equivalent. To this end, we used a computational method elabor ated by Hutson (2) for calculating centrifugal dis tortion constants for diatomic molecules from a numerically specified potential curve (RydbergKlein-Rees potentials, in the circumstances). The values H" (r = 0 to 7) so obtained are in Table 1 .
The adjusted H' constants are found very close to the theoretical ones as are the D[. and D" constants (see § III b).
The resulting optimum set of 57 rotational con stants allows to reproduce the measured line wavenumbers to within a weighted standard deviation of 0.0039 cm"1 (0.0049 cm-1 for the 4-7 band) with a nearly normal distribution of the residuals (Fig  ure 1) . Moreover, these constants when used to generate the five bands (2-1, 1-2, 3-3, 3-5 and 1-4) chosen to serve as a check of the analysis reproduce Deviations ( in units of a = 3.9 m K ) Fig. 1 . Histogram of the distribution of the residuals between observed and calculated line wavenumbers for the final multiband fitting. The solid curve is a normal distrinl bution: <P(x)= .
a \ 2 7i l= o /5, < 7 = 0.0039 cm"1. exp with n = 5356, A. Bernard and R. Gravina • Analyses of YI Infrared Bandŝ 1300 experimental line wavenumbers in these bands with accuracies comparable to the statistical errors. For example, the differences between the 265 observed line positions in the 3-5 band and the generated ones correspond to a standard deviation of 0.0054 cm-1 with a moderate departure from normality of their distribution ( Figure 2) ; only a (3); xH results from Hr = He-aH (r + 1/2). Tables 1 and 2 . Here: n = 265, / = a/5, a = 0.0054 cm"1.
small systematic shift (^ a/4) can be observed. Thereby, on the basis of these results the reliability of the entire analysis can be ensured.
b) Equilibrium Molecular Constants
The molecular constants relative to the equilibrium positions in the and '/7 states are given in Relatively to the values published in Paper I those of the vibrational parameters are improved the most significantly, in particular we and coe.ve, while oje v'e does not appear necessary.
c) Franck-Condon (FC) Factors and r-Centroids
In order to get a further check of the consistency of the analysis on the intensity distribution in the system, RKR potentials were evaluated for both
